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FOURTH ANNUAL REPORT OF THE CAVE RESEARCH
FOUNDATION TO THE NATIONAL PARK SERVICE
In 1962 the Cave Research Foundation carried forward all of the
projects which had been initiated during its first two years of
operations in Mammoth Cave National Park. A number of research
programs were completed and one new major project which involved the
comparative study,of field conditions and laboratory models was
initiated. The research which was undertaken included weekly
observations on a year-round basis in Cathedral Cave, a full summer
of research: in karst geomorphology and field activities by other
investigators during the summer months. The Foundation members and
associates spent 5,350 man hours underground in Flint Ridge and other
caves of the Kentucky Cave region in 1962.
During 1962 the CRF broadened its 'support to basic research
and initiated explorations of caves outside the Mammoth Cave region.
Laboratory support was given to Dwight Deal, University of New Mexico
who undertook a study of dolomite speleothems which have been located
in Jewel Cave National Monument, South Dakota.
Whereas the work of the previous year had seen the very large
expansion of the research program and the initiation of additional
chemical and geological studies, emphasis in 1962 was placed upon
the completion of research projects, on the consolidation of surveys
in the various parts of the Flint Ridge cave system and on the completion of exploration in a number of portions of the cave where
initial reconnaissance had revealed an opportunity for further exploration. Thus, in comparison to the work of 1961, the 1962 program
appears somewhat less spectacular. It is important to note ,however
that during the year substantial progress was made in the preparation
of results for publication. Many of these papers will be submitted
to journals in early 1963.
The following projects were completed in 1962:
The investigation of truncated passages 'and
terminal breakdowns by Roger W. Brucker.
Vertical shaft studies which have also been carried
out by Br ucker.
The study of soot deposits in Mammoth and Salts Caves
by Fred Benington, Carl Melton and Patty Jo Watson.
The investigation of crystal wedging as a factor in
cave breakdown by William B. and Elizabeth L. White.
Tne study of calcite-aragonite speleothems in Great
Onyx Cave by Fred Siegel.
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During 1962, Foundation members and investigators presented. five
papers at national scientific meetings:
Brother G. Nicholas, Nocturnal Migration of Hadenoccus
subterraneus, National Speleological Society, Custer,
South Dakota, June.
William B. White and Fred Benington, Sulfate mineralogy
of the Flint Ridge Cave System; Geological Society of
America, Houston, Texas, November.
Fred L. Siegel, MineraJogy of Great Onyx Cave, Kentucky,
Geological Society of America, Houston, Texas, November.
Elizabeth L. and William B. White, Processes of Cavern
Breakdown, American Association ~6r the Advancement of
Science, Philadelphia, Pennsylvania, December.
Max W. Reams, A comparison between laboratory models
and naturally occurring domepits, American Association
for the Advancement of Science, Philadelphia, Pennsylvania,
December.
A paper, "Carbon dating prehistoric soot from Salts Cave, Kentucky"
by Fred Benington, Carl Melton and p.J. Watson, appeared in American
Antiquity, Vol. 28, No.2, October, 1962 (pages 238-241).
1lJERESEARCH
Foundation research projects which constituted the active program
are discussed under the following headings: geomorphology, mineralogy,
biology, laboratory model studies.
I. Karst Geomorphology: George H. Deike of the CRF and
Pennsylvania State University completed his second summer of field
research in the Kentucky Cave Region during 1962. Work was carried
out from June 20 to September 16. Several days additional field work
was carried out in December. The area of investigation included the
Sink Hole Plain between Park City and Horse Cave. the Mammoth Cave
Plateau.especially Flint. and Mammoth Cave ridges and that .area
north of the Green River between Mammoth Cave and Cub Run, Kentucky.
The principal emphasis in the research program continued to be the
study of the relationships between bedrock joints, photogeologic
frac~ure traces and cave passage orientation •
.During the field season a total of 3,207 joint orientations were
measured at 157 outcrops in the 200 square mile understudy. A total
of more than 300 sites were examined for data pertinent to the study
and of the joint data obtained during the field investigations have been
tabulated •. In Flint Ridge use was made of CRF 30" quadrangles and in
order that studies might be undertaken in Mammoth Cave 4,363 feet of
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cave were mapped. Other mapping projects included the complete mapping
of twelve other caves outside Mammoth Cave and Flint Ridges which added
3.72 miles to the mapping which has been carried out in the region.
The mapping of fracture traces on aerial photographs was completed
in June. The 3,000 fracture traces mapped on the 130 photographs are
being measured. Some progress has been made on the development of
techniques to analyze the data. Mr. Deike's studies are approximately
two-thirds completed. Analysis will be continued into the summer of
1963 and will, for the most part, involve laboratory work. It is
expected that a few additional weeks will be spent in Kentucky.
II. Mineral~:
In March and again in August, 1962, Dr. William B. Whi te,
Pennsylvania State University and the CRF made field trips into the
Mammoth Cave area to continue mineralogy studies initiated the previous year. During the August research work he was assisted by
Michael Ehman. Field support was provided by the CRF and laboratory
facilities were made available by the College of Mineral Industries,
Pennsylvania State University. Progress was made on the research
started in 1961. In addition, several new mineral studies were initiated
in 1962:
1. Sulfate Mineralogy: One additional collecting trip was made
to obtain some selected material from Crystal Cave and several previously uninvestigated sites were examined in Mammoth'Cave. All samples
collected have now been analyzed by x-rays in a controlled humidity
diffractometer. Comparison of the powder patterns for the Flint Ridge
material with new powder data published only this year shows unequivocally
that the major phase in the water soluble sulfates is mirabolite
(Na2S04.10H20). The powder patterns are not identical, some of them
haVlng only a few strong reflections. This .can.be interpreted as being
due to prefered orientation in the x-ray slides and indicates that the
020 direction is usually the fast growth direction in the acicular
crystals.
To confirm the x-ray analysis a gravimetric measurement of water
content was conducted by taking weighed sample bottles to Kentucky,
filling and sealing them in the cave, re-weighing them in the laboratory,
opening them and driVIng off the water by heating to lIdO C., and then
re-weighing again. With few exceptions the water content of the 10
specimens collected was found to be 55.~/o--the theoretical value for
Na2S04 .10H20•
The new phase (Ca2S04.CaS04.2H20)reported by Benington to exist
in small quantities in the water soluble stalactites of Turner Avenue
was extracted and confirmed by an x-ray diffraction pattern. The
possibility also exists that the metastable salt, Na2S04.7H20 also occurs
In small quantities in the Flint Ridge mineral assemblege although it
has not definitely been confirmed.
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Considerable work is still necessary before these results can be
published. Before the new minerals can be accepted in the professional
literature they must be synthesized in the laboranry and the properties of the known synthetic phases and the natural materials compared.
2. Clay mineralogy: Some 30 additional clay samples were obtained
in Mammoth Cave thus essentially completing the collecting phase of
the program. Laboratory work has not yet been started.
3. Mineral Activated Breakdown: The main results of this study
were outlined in the Third Annual Report. Since then the following
new data have been obtained.
The white dust associated with the mineral activated breakdown
has been identified as an extremely fine-grained calcite with some
oolites weathered from the limestone.
Thin-sectlons of bedrock attacked by the breakdown process show.
definitely that gypsum and other sulfates are replacing calcite in
the limestone. Tiny etched fragments of limestone can be seen
completely engulfed by gypsum and in the last stages of replacement.
A reasonable chemical mechanism has been devised to explain the
replacement of calcite by gypsum.
a. Pohl as long ago as 1935 reported that marcasite (FeS2 ) was
an abundant mineral in the basal cypress sandstone. This iron sulfide
is regarded as the primary sources of the sulfate ion for forming the
gypsum.
b. From geochemical data it is known that under the conditions
of oxygen pressure, pH, and temperature in ground water that the iron
sulfide will oxidize to sulfate and the sulfate ion will pass:into
solution. Very slowly percolating ground water carries the sulfate
down into the limestone and into the cave system.
c. From thermodynamic data one can show that the reaction

P

HC03 ••• Hof
CaS04• 2H2O
2H1" + S04 =
CaC03 T 2H20
gives a 504 = /HCO~ - ratio of approximately unity for the neutral pH
conditions expecte in contact with limestone.

+

+

Thus two processes encourage the reaction; an increase in sulfate
ion concentration through the accumulation of additional solution from
above and a reduction in bicarbonate concentration through loss of
carbon dioxide to the cave atmosphere. This latter reaction explains
why the sulfate solutions do not attack the limestone until they reach
the cave walls. If there were no open passage to dissipate the C02.
CO2 pressure would build up and stop the reaction.
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A report on this work is in manuscript form and will be submitted
to a journal in the near future.
4. Manganese Mineral Studies: Although the black wall coatings
of Mammoth and Salts Cave were shown by Benington et~.
to be prehistoric carbon deposits, other black coatings occur on pebbles in
subterranean streams in many parts of the Mammoth Cave area. These
are actually manganese deposits but other work by G.W. Moore and the
W.B. White (unpublished results) has shown that they are not MnO? as
supposed but are heavy metal manganate minerals such as todorakire,
birnessite, hollandite, and psilomelane.
Because of the obvious desirability of obtaining detailed information of the fresh-water manganese minerals from one locality, a small
collection of manganese coated pebbles was made from Mammoth Cave and
from a number of small caves in the Park and in the Sink Hole Plain.
An arrangement has been made with Eugene W. White of the Pennsylvanie State University to examine the coatings with the University's
new Electron Microprobe facility. This instrument will analyze an
individual mineral grain as small as .005mm. in size and is almost
a necessity for these extremely fine-grained minerals.
III. Biology of Cathedral Cave: The ecological studies in
Cathedral Cave were continued through 1962 under Brother G. Nicholas,
FSC, of the CRF and LaSalle College. During the year the same observational procedures which have been initiated in the previous year were
followed. The 12 quadrats which had been established within the
Cathedral Cave were studied on a continuing basis with observations
made on the movements of cavernicoles from one quadrat to the other,
to and from the cave, and within the quadrats (see Figure 1).
Daily observations were continued until 1 May. Since that time
biweekly inspections have been made. No further marking has been
done since 1 May. To the observations made on temperature, relative
humidity and saturation deficit in each quadrat of the cave were
added observations of light intensity. This light intensity was
measured with a General Electric color cosine corrected light meter,
donated by the Northern Indiana Light Company. Readings were made
at different hours of the ,day to obtain data on variations in
intensity at stations throughout the cave.
In an effort to correlate observations on migration of
cavernicoles in Cathedral Cave with similar species in other caves,
observations were made in migratory movements and concentrations
in six other caves in Mammoth Cave National Park. Visits were
also made to selected caves throughout the United States. Behavioral
patterns and migratory activity in cave crickets similar to those
observed in Cathedral Cave were noted in caves of the Edwards Plateau
in Texas.
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- 6 A report of the nocturnal migration of the cave crickets in
Cathedral Cave was read at the convention of the National Speleological
Society Meeting in Custer, South Dakota, June 15, 1962. A manuscript
by Brother Nicholas and Roger W. Brucker, describing the methods of the
Cathedral Cave Study is in preparation.
Observations during the calendar year 1963 will not be as intensive
as during 1962 since the director of the project has accepted an appointment as visiting professor of biology at the University of New South
Wales, Sydney, Australia during the summer of 1963. During this period
studies will be made of behavioral patterns of cavernicoles in the
Philippine Islands, Fiji, New Zealand and Australia.
There is evidence
that cave fauna in these areas possesses behavioral patterns similar
to those in Cathedral Cave, Kentucky.
IV. Laboratory Model Studies of Vertical Shafts:
In 1962 the CRF
cooperated with the University of Kansas in the initiation of a study
comparing laboratory models and naturally occurring domepits.
The work
was undertaken by Max W.Reams, Department of Geology, University of
Kansas with support at the University coming from an Atomic Energy
Commission grant CA.T. (11-1).
The project was supervised by Dr. Wakefield
Dort, Jr., and Dr. Edward J. ~ller.
Work in Kentucky was supported by CRF.
The description of the vertical shaft complex in the Kentucky Cave
Region is one of the most documented aspects of cave geology.
To substantiate the theories and the descriptive work undertaken by the investigators in the field, it seemed useful to Mr. Reams and to the
Foundation that a study should be undertaken in which laboratory models
of vertical shafts were developed so that comparative studies of
experimentally produced and natural occurring processes could be made.
In the laboratory studies hydrochloric acid was directed onto
limestone blocks to produce vertical shafts. The limestone used for
most of the experiments was the Leavenworth member of the Dread
formation (Pennsylvanian).
The Leavenworth limestone was chosen because
it is dense, massive, and readily accessible.
The insoluble residue
content is approximately 10.5%, sufficiently pure for the purpose.
The
limestone was sawed into blocks.
The blocks ranged considerably in
size, but dimensions of approximately 2 x 3 x 15 em. proved satisfactory.
The sawed block was clamped firmly to a stand so the flat, front face
was usually vertical.
The acid used was usually hydrochloric diluted to a ratio of 1:250,
by volume, with distilled water. Many concentrations of acid were
tried and it was found that 1:250 was about right for the size models
used and the time desired for the experiments to reach completion.
The studies have shown that the volume of waterflow, the availability
of a base level of insoluble chert which forms a floor for the vertical
shaft and the presence of ceiling channels above the shafts are all
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important aspects of research which need further field investigation.
Field studies made in Kentucky have included work in the Overlook and
Colossal Dome of the Flint Ridge system and, the Bottom~ess Pit, Mammoth
Dome, Roosevelt Dome and Annetta's Dome in Mammoth Cave.
From the laboratory and field data, Mr. Reams has assigned tentative
ages to the vertical shafts which are now founo in the Kentucky Cave
region. The maximum probable age Post Aftonian (greater than 200,000
years) and the minimum age is Post Wisconsin (around 5,000 years).
In 1963 some additional field work will be undertaken. This will
involve studies in vertical shafts in caves in Missouri, They will be
used for comparative studies with the shafts of the Mammoth Cave Region.
REVIEW OF THE CENTRAL KENTUCKY KARST
Since CRF undertook its program of research in the Mammoth Cave
Region it has become increasingly apparent that the publication of
many of the results wilt be hampered by the lack of adequate reference
to a general description of the area and the features of the caves. The
work of Hovey and earlier writers are the only available descriptions
of the caves and these suffer somewhat from excessive detail focused
on the commercial tour. Some of the later work by Weller, Lobeck and
Pohl updated the general geology of the region but did not have the
benefit of much of the more recent work which has been carried out in
the caves themselves. As a solution to the problem it has been decided
by the Foundation to prepare a general report reviewing what is known
of the Central Kentucky Cave region. The review of the Central Kentucky
Karst is being undertaken by R,W, Brucker, R.A.Watson, E.R. Pohl and
W,B. White. White spent much of his August 1962 field season preparing
material for the review.
Mammoth Cave was examined so that a good general description could
be written. Solutional features noted along the visitor routes will
be used as "type localities", This serves a doubly useful purpose,
The Park Service Naturalist staff may then use the observations for
interpretive purpo,es, Secondly. anyone reading the report and wishing
to observe the features could do.so merely by taking an appropriate tour.
Likewise sketches and photographs were taken of surface features
both within the park and on the Sinkhole Plain. Features examined
included the Turnhole, Cedar Sink, Doyel Valley. and HQ~ts Sink.
A detailed map was prepared with the cooperation of G.H. Deike and
members of the CRF Summer Expedition of nearly a mile of passage lying
between Bottomless Pit and River Hall in Mammoth.Cave to show the
intricate superposition of passage levels and shaft drains in a vertical
shaft complex.
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This project is continuing actively at the present time. Most
of the field data have been collected but much plotting and correlation of data remains to be done before a manuscript can be completed.
Tentative arrangements have been made with the American Geographical
Society for the submission of the manuscript to the Geographical Review.
The publication of Pohl's geological map of Mammoth Cave National Park
is being considered as a major feature of this general summary of
Kentucky Cave Region. It is expected that this.work.will be ~ompleted
by June, 1963, and that a publication will be available in late 1963
or in early 1964. It is hoped that the work will form a basic reference
for investigators undertaking research in the Kentucky Cave Region.
EXPLORATION AND MAPPING
Throughout 1962 exploration teams of the CRF continued to explore
the Colossal Cave section of the Flint Ridge Cave System. As in the
past the CRF parties are finding avenues which have been visited in the
early 1900s but which were apparently not mapped. Adjacent" to these
rediscovered portions of Colossal Cave, Foundation parties have discovered an extensive passage system. A part of the system, containing
an underground stream, was noted a year ago. Much further exploration
has been carried out in this area of the Flint Ridge Cave System, but
much remains to be done.
A 2,000 foot extension to Lower Turner Avenue was discovered in
1962. The discovery of this passage had been anticipated on the basis
of information which is now available on cave passage truncation.
Other exploration was concentrated on the vertical shaft complex
near the end of Swinnerton Avenue adjacent to Floating Mill Hollow.
New tube-like trails from vertical shafts have led to the discovery
of a few small avenues. If pushed these passages may give explorers
access to the large area north of Floating Mill Hollow where at present
no extensive cave system is known.
In 1962 7.9 miles of the cave system were s~rveyed as compared
to 11.1 miles in 1961. Although the upper level of Salts Cave had
been surveyed some years ago in connection with property disputes,
the old survey did not include the passage detail which is required for
30" quadrangles mapping program. Hence, Foundation survey parties
worked in Salts Cave during the several larger expeditions to the cave
system in 1962. Part of the lower Salts Complex has also been mapped.
Revisions of quadrangles already completed and additional quadrangles
~ll be available in 1963.
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OTHER ACTIVITIES
The joint venture program in which volunteer workers participate
in the survey and exploration activities was expanded in 1962. Twenty
additional joint adventurers were selected and trained bringing the
number of persons participating in this work to 7u. The administrative
procedures wherein th~se persons are approved by the Superintendent,
Mammoth Cave National Park continued to operate satisfactorily throughout
the year.
Foundation activities in 1962 were administered by eight directors.
Seven new Foundation members were elected in 1962.
In 1962 the Foundation actively participated in the discussion
concerning the location of Interstate 65 in the Mammoth Cave region.
The Foundation supported the location approved by the Bureau of Public
Roads and outlined the reasons for its support in letters to Director
Wirth of the Park Service and Federal Roads Administrator Rex M. Whitton.
CRF was represented at the meeting in Washington on the subject, June 14.
The Foundation believes that the long term protection of the National
Park is best served by the location of the interstate highway to the
west of Horse Cave and Cave City for it believes that as this route is
completed and the road into Mammoth Cave National Park is finished,
the communities close to the park will become stabilized. Development
pressures along roads leading into the Park would be reduced and, the
land adjacent to the park would therefore have a greater opportunity
to retain its rural character.
The work of the eRF was reported in the Louisville Courier Journal,
editorial section, on August 26, 1962 in an article entitled "Science
in Inner Space".
The continuing problems of water resources in Mammoth Cave National
Park which are important to the growing visitation program in the park
by the public were reviewed by members of the CRF in August 1962. Roger W.
Brucker, Secretary of the Foundation prepared a report "Ground Water
Problems in Flint Ridge" which was submitted to various offices within
the National Park Service in September. It is concluded that Flint Ridge
cannot supply the long term future water needs at Mammoth Cave and that
the only adequate supply for this purpose is found in t\1eGreen River.
Throughout the year the Foundation continued to study problems
related to the development of a national underground research center
in Mammoth Cave National Park. Two Foundation members, Fred Benington
.and Roger W. Brucker served as members of an interim committee which
submitted a report on May 15. Beyond the recommendations of this
report the CRF wishes to make a number of additional comments on the
development of the Cave Laboratory. The submission of the CRF report
to the National Park Service has been delayed by the continuing con~deration of problems related to the juxtaposition of formal
laboratory facilities and the natural laboratory environment of the
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Flint Ridge Cdve System. As evaluation of laboratory requirements continued tbroughout the year it became increasingly apparent to the CRF
that the existing laboratories in a number of European countries were
poor models on which an effort in the U.S. might be based. While attention has largely been focused on the formal laboratory requirements,
it is believed that greater emphasis should be placed on the natural
cave laboratory - the whole Flint Ridge Cave System. In it CRF would
recommend that the principal installations would be environmental
sensing devices which collect information on the many variations in
the cave environment.
1963.

A report by the CRF on the laboratory will be forwarded in early
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